The global economic crisis in 2007-08 resulted in a tremendous food price increase that is likely to have adversely affected food security and nutritional status in many developing countries.
Introduction
The global economy faced a significant financial and economic crisis in 2007-08. The financial meltdown led to a backlash on consumer markets and markets for services. The crisis, coupled with spikes in commodity and oil prices, led to a contraction in aggregate demand and higher inflation. In developing countries, this crisis emerged in a long-run situation with slow economic growth and is likely to have severely affected poverty and food security. In 2007-08, Pakistan was already facing internal security issues and the surge in food, commodity and energy prices accentuated an already delicate situation by pushing the rise in the consumer price index (CPI) to a record 25.3 percent level.
In Pakistan, food accounts for 33% of the CPI consumption basket which, as a result, is highly sensitive to food price fluctuations. During the global food price crisis , the majority of food prices increased rapidly: the prices of staple foods more than doubled. Wheat prices reached $400/ton in 2010, twice the $200/ton level of 2005, and in 2012 the price exceeded $320/ton (Caracciolo & Santeramo, 2013) . Inflationary pressures intensified and Pakistan experienced a double-digit inflation as a result of the increase in food prices (Pakistan Economic Survey, 2010-11) .
Higher food prices reduce purchasing power and contracts the real income of net food buyers: the larger the proportion of the budget spent on food, the worse this real income reduction will be. As a result, households will tend to have more limited access to health, educational services and nutrient foods, making them poorer and more food insecure (Ivanic and Martin, 2008; Headey and Fan, 2008; Santeramo, 2015a Santeramo, , 2015b . Households may adopt different strategies to cope with negative shocks. For instance, they may sell their assets, rely on family assistance, borrow money, or reduce either the number of meals -in the most desperate cases -or the expenditure on non-food vital items such as education and health care . Such coping strategies have nutritional implications, and could negatively affect child growth, family wellbeing and livelihood both in the short and long run (Friedman and Sturdy, 2010) . Finally, the lack of food diversity -and therefore a low degree of substitution among nutrients (Santeramo & Shabnam, 2015) -may result in a sharp decrease in nutrient intake with serious consequences for health. FAO global estimates (2008) show that high food prices contributed to increasing global food insecurity. A considerable literature has been published on the global food price crisis and its impact on global poverty and food insecurity. Most studies have focused on short-run impacts on poverty by using pre-crisis household survey data (Jansen & Miller, 2008b; Woden et al., 2008; Robles & Torero, 2010; Wodon & Zaman, 2010; Skoufias et al., 2011; Roselli et al., 2012; Ivanic et al. 2012; D'souza & Jolliffe, 2012) . Although the effect of price transmission (Santeramo, 2015c) and crises differs in magnitude across countries and households, there is widespread agreement that national poverty levels have increased and that urban populations tend to be more negatively affected than their rural counterparts.
Similar evidence was expected in Pakistan, with more severe effects of the food price crisis on impoverished households. To investigate the effects on household food security, we use two survey rounds, which include consumption data collected in 2005-06 and in 2010-11, respectively and that provide insights about the situation in Pakistan before and after the price crisis. A time-varying model using a pooled dataset was estimated. In order to investigate heterogeneous effects on households, a quantile regression approach was deployed to assess the impact of the price crisis on the demand for calories and nutrients: therefore, light was cast on the way in which households trade off food quality and food quantity in response to increasing prices and decreasing purchasing power.
The Household Integrated Economic Survey (HIES) data for Pakistan provides detailed information on the quantity consumed for 69 food items, which are grouped into 11 food categories. The HIES is useful for examining household consumption behaviour and for evaluating changes in the food security status. Food security is determined by the physical availability of food, economic access to food and food absorption and stability (FAO (2006) . A special focus was placed on two of these three dimensions of food security: access (approximated by per capita expenditure) and utilisation (approximated by per capita daily calorie consumption and per capita daily intake of macronutrients such as proteins, fats and carbohydrates). A comparison was made on how the indicators have changed before and after the crisis.
The vast majority of studies have focused on how price spikes affect household poverty and welfare (Rapsomanikis & Sarris, 2008; Kwenda, 2010; Shimeles, 2011) , vulnerability (Meade et al., 2007; Heltberg & Lund, 2009 ) and nutrient intakes (Jensen & Miller, 2008; Ecker & Qaim, 2011; D'Souza & Jolliffe, 2012) , whereas the determinants of food price spikes have been investigated in few studies (i.e. FAO, 2008) . Against this backdrop, this contribution aims to investigate the nutritional impact of price shocks and to explore the heterogeneity of these impacts according to income level. Section 2 briefly reviews the situation of food security in Pakistan; section 3 describes the data and presents descriptive analysis; section 4 outlines the methodology; section 5 presents the results and the concluding remarks.
Overview of the food security situation in Pakistan
With a per capita income of US$ 1512, Pakistan is ranked almost at the lowest quartile (Pakistan Economic Survey, 2014-15) . More than 48% of the agricultural land is irrigated (World Bank, 2012) , representing one of the highest proportions of irrigated cropped areas in the world. However, cropped areas have had a slightly annual expansion: from 11.6 million hectares in 1947 to 23.4 million hectares in 2006-07 (on average, 0.2 million per year). The country's economy remains heavily dependent on agriculture. According to Pakistan Economic Survey , the share of agriculture in gross domestic product (GDP) is about 21%. Wheat and rice cultivation, livestock, dairy milk and some horticulture are the key agricultural activities in Pakistan; agricultural growth has been slow and the country remains a net importer of several essential food items. Fluctuations in food commodity production in the last few years have worsened the situation of food deficiency even for basic commodities such as wheat (WFP, 2009) .
Wheat is a key crop and the main staple in Pakistani diet: more than 50% of the daily calorie intake is provided by wheat. The conspicuous wheat crop production, that reached 21.8 million tons in 2008 (which made the country self-sufficient in wheat), limited the price at a lower level compared to neighbouring countries. During the global food crises, domestic hoardings, informal export and profiteers and shortages led the government to increase the import of wheat and support the price of domestic wheat, which was higher than the international price of wheat (Government of Pakistan (GOP), 2009).
In addition, a natural disaster worsened a delicate, food security situation. Since 2003 several shocks have affected the country: the 2005 earthquake claimed more than 70,000 lives; a sharp rise in the international prices of oil and food in 2007-08 and recurring floods in 2010 and 2011 had a further distressing effect on the economy. For instance, a massive flooding in 2010 affected more than 20 million people by submerging an area of 50,000 square kilometers; the flood slowed down economic growth to about 2.4% in the FY 2010 -11 (GOP, 2011 , reduced the production of wheat and further increased the domestic price of wheat. In sum, the domestic prices moved sharply and the consequent volatility severely impacted the poorest segments of the population .
The situation of food security in Pakistan has worsened over time. While several countries were hit by the three "F" (Fiscal, Fuel and Food) In the light of which, investigating the issue of the increase in food prices and their impact on nutrient demand is crucial, also because it could help design effective strategies to deal with the problem of rising food prices, which will ultimately ensure food security.
Source and Data Description
This study is based on data from the Household Integrated Economic Survey (HIES). The data analysed was collected through two survey rounds conducted in 2005-06 and in 2010-11 by the Pakistan Bureau of Statistics (PBS) in Islamabad. The HIES is a nationally representative survey of rural and urban areas which covers 14 big cities and 81 districts in each of the country's four provinces.
The survey collected information on the quantities and values of 69 food items and differentiates them according to their sources: own production, market purchases or gifts. In addition, it recorded information on 79 nonfood items. The data on household food consumption covered a period of 14 days and referred to a 30 day recall period. Food items are aggregated into 11 food groups (table 1).
The two survey rounds used in the analysis were fielded in July-June (2005-06) taken before the crisis period and July-June (2010-11) in the post-crisis period. In the years 2005-06, 15,431 households were surveyed, while in the years 2010-11 16,341 households were covered. A similar questionnaire and sampling design were used. The questionnaire and sampling frame were revised in 1998-99 and, after this period, the HIES income and consumption module remained intact. The sampling frame was revised in 2014-15 by the PBS. However, after some preliminary cleaning of the data, the final dataset consisted of 14,863 observations for 2005-06 and 15,191 for 2010-11. The conversion factors provided by the Government of Pakistan Food Composition Table for Pakistan (2001) were applied to compute calories and nutrient (proteins, fat and carbohydrates) consumption for each kind of food (details of these conversions are available on request).
The choice of food group aggregation took into account the typical Pakistani meals and nutritional characteristics of food to represent the level of household nutrient availability. The adoption of the HIES for nutritional assessment has shortcomings with respect accuracy. Firstly, respondents may not remember the exact quantities of food consumed, especially if the recall period is lengthy. Secondly, food consumption includes the entire amount of food acquired by the household, which can be either consumed by household members or by pets, guests and hired workers or wasted. Thirdly, the survey on household consumption did not report information on intra-household food distribution. Hence, a conservative approach was used by assuming an even distribution of food among household members.
These limitations need to be kept in mind.
[ Table 1 about here] Our analysis focused on average consumers in that we consider only consumers whose caloric consumption falls between 600 and 8000 Kcal/day. We consider consumptions exceeding those thresholds to be outlier and therefore we discarded such information.
The HIES rounds did not provide data on the prices of food commodities, but on the quantity and the value of food items consumed: this piece of information allowed to compute household level unit values. Food consumption changes according to region and season in Pakistan, but it was similar across the surveys (tables 2 and 3). Food prices are rather stable according to the various districts and in every quarter of the year. In order to take into account the variations of food prices, household-specific unit values of consumed food items were replaced with average unit values of 81 districts for each urban and rural area. By considering unit values instead of prices, the measurement errors and differences due to heterogeneity in quality of food consumed were minimised (Deaton 1988 , Skoufias et al. 2011 .
[Table 2 about here]
Changes in food prices affect food consumption through the reallocation of expenditure shares. In general, when food prices increase, poor households tend to expand the share of income devoted to food. In Pakistan, the average expenditure share for food is 52%, poor households spend 61%, whereas non-poor households spend 39% (WFP, 2009). When prices increase, poor households tend to replace expensive food with cheaper food, and therefore they tend to replace meat with cereals, and rice with maize. In addition, lower quality cuts of meat are preferred to high quality ones. Table 2 presents food budget shares of households across the years and quartiles of the expenditure distribution. As the table shows, the characteristics of households are similar across the surveys. It is also evident that crop-based food and animal-based food are the main sources of calories and nutrient intakes. Crop-based foods include cereals, vegetables, fruits and tubers, while animal-based foods include milk and milk products, meat, eggs and fish. Wheat, rice and maize are the main cereals and the main sources of calories in Pakistan. In particular, wheat accounts for 47% to the total caloric consumption (the contribution provided by rice is just as significant). In 2005-2006 the expenditure for wheat and rice accounted, respectively, for 75% and 15% of the total expenditure on cereal, and it has risen up to 91% and 20% respectively in 2010-11. When food prices increase, households increase the share of expenditure devoted to wheat as a way to make sure they satisfy their energy intake. On the other hand, the consumption of fruit, vegetables and meat is more unstable and heterogeneous, with upper-income households spending a much larger share of their budget on fruit and meat than poorer households; furthermore, poorer households tend to substitute the consumption of meat, fruit and vegetables with wheat and rice.
The observed price increase appears to reflect the considerable price increase for staple food due to a gap between demand and supply on international and local markets. An extremely high increase in prices of various essential items has been registered: the sample averages of price per kg of wheat was Rs.17.84 in 2005-06 and Rs.23.64 in 2010-11 (a 32.5 percent increase). During the same period, the price of rice rose from Rs. 36.24 per kg to Rs. 47.83 per kg (a 32 percent increase). Similarly, by 2010-11 the share of income spent on wheat flour had increased from 14.65% to 17.54%, while for fresh milk it reached 20.75% and so on (fresh vegetables 9.64%, rice 3.79%, pulses 2.91% and oil 10.96%).
The increase in food prices is likely to be due to the global increase of food prices that has also interested the local prices [3] . Higher food prices lead to a more unequal distribution of income and expenditures, as food accounts for a large share of the total expenditure of the poorest segments of the population (Caracciolo and Santeramo, 2013) . Table 2 illustrates the impact of higher food prices on both expenditure groups and, more specifically, it shows the adverse impact on the lower quartile of expenditure distribution. Due to the overall price increase, in 2010-11 households spent 74 percent more on food compared to 2005-06 (1549 Rs compared to 890 Rs). Similarly, in 2010-11 the households in the lower quartile (for expenditure) spent up to 85% more of the income for food compared to 2005-06. This critical situation requires an urgent action aiming to safeguard the poorest segments of the population and to mitigate the negative impact of rising food prices.
Empirical Specification: modeling the demand for nutrients
The analysis of the impact of crisis over time, rather than for a particular period of time, provides a snapshot of the crises across different income groups. The lower demand emphasizes the inverse relationship linking quantity and own price; on the contrary, the demand for substitutes is positively related to the price of the substitute good. However, substitutes in taste may not be close substitutes for nutrients, and therefore food substitution may alter nutrient intake. The effects of prices on nutrient demand are not direct (Behrman and Deolalikar, 1988) . The received wisdom is that an increase in food prices tends to decrease nutrient consumption in poor households, considering that poor households divert consumption patterns toward substitutes that may adversely affect nutritional status (Behrman and Deolalikar, 1989) . However, if the nutritional contents that experience a change in price and its close substitutes are identical, the effect on income and nutrition from switching consumption will be negligible. On the other hand, if the present food item is nutritionally inferior to its substitutes, substitution may even improve nutrient intake. This last situation occurs when the increase in nutrients intake, due to the substitution effect, overcomes the loss in nutrient intake deriving from the price increase.
Measuring the effects on nutrition in Pakistan is an empirical task. These effects were estimated on calories and several nutrients by using data collected in 2005-06 and 2010-11. By focusing on wheat and rice price variations, the way in which changes in price of major staple foods affected nutrients intake were scrutinized. The quantile regression specification facilitated analysis of how nutrient intake distribution responds to prices.
The demand for the food item depends on household real income (I), a vector of prices (P) 1 , and preference shifters (Z). If assumptions on separability of preferences between and within particular food groups are excluded, little can be said on how changes in prevailing relative prices affect the 1As specified above, average unit values of 81 districts for each urban and rural area were used. demand for a particular commodity: the issue can be addressed empirically. The demand equation for each nutrient was estimated by regressing the natural logarithm of per capita consumption of calorie, protein, fat and carbohydrate for the i th household in the j th district in year t (Y) on the natural logarithm of per capita monthly expenditure (PCE), the natural logarithm of price (P), and household demographic characteristics (Z) such as household size, characteristics of household head (gender, age, education and employment status), gender composition, and regional and provincial dummies and district fixed effects:
The prices of 11 food groups were included: milk and milk products, meat, fruit, vegetables, spices, sugar, wheat, rice, pulses, oil and other food groups. The term λ accounts for the effect of price changes in 2010: λ 1 thus equals 1 for the observation in 2010 and is zero otherwise:
(2) λ= λ 0 + λ 1 2010 By substituting (2) into (1), the demand equation for calories and nutrients was obtained and estimated through robust least squares: the above equations will be referred to as our time-varying model. The dummy variable captures the changes in consumption over time .
The respective coefficients for different food groups uncover the relative contribution of food groups to household nutrients consumption. This specification was capable to take into account own and crossprice effects. In addition, it implicitly revealed the demand for nutrients through food demands (Gaiha et al., 2013) . Food choices depend on their nutritional contents, therefore the demand for calories and other nutrients derives from the choice of the food items consumed (Deaton and Dreze, 2009) .
In order to explore heterogeneity in nutrient demand, we next estimated the demand model using quantile regression (Koenker and Bassett, 1978; Koenker, 2005; Santeramo and Morelli, 2015) :
where θ indicates the quantiles of per capita nutrient consumption of a household. We tested the statistical differences of the coefficients of the first, second and third quantiles of calorie and macronutrient consumption.
[ Table 3 about here] How did the price crisis affect calorie and nutrient demand?
In order to disentangle the effects of the food crisis on the demand for nutrients and calories, price and income elasticities in the pre-and post-crisis periods were examined (Table 3) . As expected, negative price and positive income elasticities were found in most cases. An interesting exception is wheat, a key source of calories compared to any other food group (Behrman and Deolalikar, 1988; Behrman and Deolalikar, 1989; Sokufias et al., 2003) . The positive price elasticities of wheat and sugar suggests that these commodities are the main sources of calories and nutrients. In most other cases, price elasticities are negative. Similar results were found by Gaiha et al. (2013) for India, using data from 1993 to 2004.
Moreover, it should be pointed out that calories and nutrients are quite inelastic to commodity prices.
This reflects the critical need for calories and nutrients in developing (and low-consumption) countries.
A vast majority of elasticities decreased in 2010, after the food crisis, with the exception of milk and fruit, which have become less sensitive to price changes, and of wheat, whose (positive) price elasticity has remained unaltered (apart from for carbohydrates). In this perspective, the food crisis seems to have exacerbated food insecurity, making the main and healthier source of nutrients (milk and fruit) price inelastic. In a similar study carried out in Pakistan, found that the increase in the price of wheat shifted the consumption of calories away from fruit and oil. The coefficient for the time dummy is significant and larger than other price and income elasticities. Its negative magnitude demonstrates the reduction in caloric consumption in 2010 compared to the year 2005.
Diets in Pakistan are mainly composed of staple food and are poorly diversified. Changes in food prices affect food consumption through the reallocation of expenditure shares. We have demonstrated that demands for calories and macronutrients (proteins, fats and carbohydrates) are responsive to price changes. The price elasticities for different food groups decreased from -0.03 to -0.13 for calories, from -0.001 to -0.14 for protein, from -0.007 to -0.196 for fat and from -0.003 to -0.087 for carbohydrates (table 3) . The results are in line with the findings obtained by Gaiha et al. (2013) , who provide an alternative explanation embedded in a theoretical framework of standard demand with food prices and expenditure.
The implications for food security are relevant, as households may become more vulnerable with the increase in the price of cereals. An increase in wheat prices has resulted in a higher price sensitiveness of households. However, despite the price increase, wheat remains the main source of calories as households are able to buffer the shocks by changing the composition of their diets , cutting the expenditure on costly food items and replacing them mostly with staples. The findings are consistent with the literature in this field (e.g. Sokufias et al., 2003; D'Souza and Jolliffe, 2012) . D'Souza and Jolliffe (2012) showed that the demand for wheat increased despite a price increase in urban areas of Afghanistan. Dimova et al. (2014) also showed that the demand for staple foods may remain unaltered despite the price crisis.
[ Table 4 about here]
The quantile regression analysis draws attention to the heterogeneous effects of food crisis on the entire distribution of nutrient demand. It was observed that (table 4) changes in the elasticity of wheat are more relevant for low income households with higher food prices having a significant and harmful effect on poorer segments of the population. Hence, the results are in line with Zheng and Henneberry (2012) , who reported the detrimental effect of food prices on poor, urban households in China.
Heterogeneous elasticities are also found for milk and oil, with meat, rice, fruit, vegetables and sugar particularly sensitive for the lower income groups.
The effects of price variation on caloric consumption are heterogeneous across households. In almost all cases, the null hypothesis of equal elasticities was rejected across percentiles (Table 4) for calories and carbohydrates. The rejection of the null hypothesis of equal coefficients shows that food security may have deteriorated as a result of the food crisis. The same conclusion cannot be drawn for proteins and fats, in that elasticities are mostly equal across quantiles. Finally, income elasticities for calories and all nutrients are very different across quantiles, with lower elasticities for households with higher calorie/nutrient consumption. Such a clear pattern suggests that caloric and nutrient consumption are less problematic for wealthier households, while affecting poorer consumers through higher prices and income changes. The findings also suggest that price increases can aggravate the low levels of nutrient availability in the country, which has a large share of population living below the poverty line. Even a short-term increase in food prices can have serious implications on food security. Particularly, low levels of diet diversity are linked to poor diet quality and inadequate nutrient consumption.
[ Table 5 about here]
Conclusion
Pakistan is still food insecure due to poor accessibility and utilisation. In the wake of a sluggish economic growth, the vulnerability to economic (financial, fuel and food crisis) and natural disasters (earth quakes and floods) has compounded the situation. Due to the 2008 global food crises, Pakistan experienced an increase in the price of staple food that greatly affected the food consumption of the poorest segments of the population. This paper contributes to understanding how consumption behavior and nutrient demand were affected by price shocks: the nationally representative household survey data collected in 2005-06 (pre crisis) and in 2010-11 (post crisis) were analyzed.
On the basis of the analysis, policy initiatives for food security should be aimed at increasing the economic access to food and nutrients by controlling domestic food prices though price or trade policies (Cioffi et al., 2011; Santeramo & Cioffi, 2012; Dal Bianco et al., 2016) . A way to achieve this goal is to stimulate the economic growth by providing the poorest segments of society with economic opportunities. For instance, policy makers may adopt traditional recipes and sustainable economic growth policies to enhance economic accessibility of healthy and nutrient food, which would help mitigate the negative consequences of the food prices surge. In particular, the most vulnerable segments of the society are those more in need of social safety net programmes such as, cash transfer, franchises of government-owned utility stores to private sector, the increase of distributional reach of utility stores via weekly markets and the induction of large volume discount store via hyper markets need to be strengthened.
Further improvements may be obtained by ameliorating public provision of health, by improving access to infrastructure, education and other services that have indirect impact on nutrient intakes. In order to sustain micronutrients consumption for poorer households during economic crises, it is desirable to complement income transfer programs with other interventions that enhance economic development. For instance, given the limited nutritional knowledge, special educational campaigns could play a key role in raising the awareness of the benefits of healthy diets, thus encouraging micronutrients consumption. This analysis on food security and nutrients speaks directly to policy makers, lawmakers and humanitarian organizations called to design policies and programmes to alleviate poverty and food insecurity. Standard errors are given in parenthesis ᶲᶲ Significance levels are 1% (***), 5% (**) and 10% (*).
Prices

Prices of 11 food groups used in the study
Appendix-A
ᶲᶲ Note: Variables included in the model but not presented here are household size, composition of household male and female member into age brackets, employment status of household head, household head's gender, age of the household head, education of household head, dummy variable for region, dummies for provinces and district dummies.
